I. Introduction
Simulations of turbulent diffusion flames are complicated by the presence of many distinct chemical species, each with unique physical properties. To deal with this complexity, a common simplification is the use of a mixture fraction, a single conserved scalar from which the entire thermochemical state of a system can be determined. This approach, however, assumes that the molecular diffusivities of all species are equal, and are equal to the thermal diffusivity of the fluid. In turbulent reacting flows this may be a poor assumption, since the molecular mixing required for chemical reaction takes place at the smallest flow scales. The impact of variations in diffusivity on a reacting flow were observed 26 years ago in experiments by Drake et al., and formulated theoretically in a paper by Bilger [2, 3] . Since, there have been numerous examples of the impact of differential diffusion on diffusion flames, including effects on elemental mixture fractions and observed flame temperature [4, 5] .
In an effort to study differential diffusion directly without the complications of heat release and chemical reaction, Bilger and Dibble proposed a Rayleigh scattering experiment involving a hydrogen-propane jet flowing into air [1] . In this experiment, the preferential diffusion of hydrogen with respect to propane is measured using variations in the Rayleigh scattering cross-section of the mixture, which is related to the local composition of the fluid. Several attempts at this experiment have been documented in the literature. Kerstein et al. present 1D measurements of differential diffusion in a hydrogen-freon jet [6] . They demonstrate the validity of using Rayleigh scattering to study differential diffusion, and provide quantitative measurements of differential diffusion in nonreacting jets at Re = 20,000. Dibble and Long recently documented 2D measurements from 1989 of the same hydrogen-freon flow [7] . They describe the sensitive nature of the experiment, particularly in controlling the flow rates of the jet gases, and explain how these issues were overcome.
Other experimental and numerical studies have focused on quantifying differential diffusion in nonreacting flows. Long et al. demonstrated an alternative experimental method to that proposed by Bilger, instead using simultaneous PLIF and Mie scattering to capture the difference between turbulent diffusion of particulates and the combined turbulent and molecular diffusion of a biacetyl tracer [8] . From measurements in a dyed water jet, Saylor and Sreenivasan showed that observations of 'unmixing' from these prior gas-phase measurements were not simply due to inertial separation [9] . Several papers have studied the dependence of differential diffusion on Reynolds number, but there exists no conclusive experimental verification of a functional relationship [10, 11] . Numerically, various DNS methods have been used successfully to study differential diffusion in isotropic turbulence and as a result there exists a wealth of data for comparison purposes [12] [13] [14] [15] [16] [17] . This paper presents results from an experiment based on the one proposed by Bilger & Dibble. In a turbulent, axisymmetric coflowing jet we use Rayleigh scattering to obtain 2D measurements of the differential diffusion between helium and propane as they mix into air. The measured quantity is the differential diffusion coefficient ξ, defined as the local difference between propane and helium mole fractions, each normalized by a unique parameter. In this case,
He are the initial jet concentrations of propane and helium, respectively. This parameter alone cannot be used to determine the concentrations of all three components in the flow, but it is useful in examining differences in the evolution of two initially mixed species. Improved methods of quantifying differential diffusion are being developed but are not suitable for the present experiment [18] .
By quantitatively analyzing two-dimensional data, we are able to study spatial and structural characteristics of differential diffusion that have not yet been addressed in the literature. Because the sizes of scalar mixing structures are determined from a balance between strain and diffusion, the range of diffusivities in a reacting flow may make the structure of the mixing field different from one predicted using a uniform diffusivity assumption. To this effect, we examine the spatial distribution of differential diffusion and the changes in this distribution due to changing Reynolds number. Spectral methods are used to examine the relevant length scales, and we present the scalar difference (ξ) spectra based on experimental data. Through examination of the (differential diffusion) scalar dissipation field, the distribution and thickness of scalar dissipation structures are also determined.
II. Experiment

A. Laser diagnostic method
Rayleigh scattering, the elastic scattering of light from molecules or small particles, is used to measure differential diffusion in a molecularly mixed propane-helium jet with a coflow of air. In this experiment the intensity of scattered light is assumed to be proportional to the intensity of incident light and the Rayleigh scattering cross-section of the fluid. The Rayleigh scattering cross-section of a fluid, R, is related to its index of refraction, n, as R ∼ (n − 1) 2 ; the cross-section of a mixture is simply the mole fraction weighted average of constituent cross-sections. In a two component flow, Rayleigh scattering directly yields the mole fractions of each species. Since differential diffusion is inherently a three-species phenomenon, the interpretation of the Rayleigh scattering signal in this type of flow is not as simple. The method proposed by Bilger & Dibble, a modified version of which is used here, relies on the precise choice and composition of jet gases. The jet consists of two mixed species, one (propane) with an index of refraction that is greater than air, and one (helium) with an index of refraction less than air. If these two gases are initially mixed such that the Rayleigh scattering cross-section of the jet is exactly the same as the Rayleigh scattering cross-section of air, then any local change in the scattering signal is indicative of departure of the helium-propane ratio from its initial value. The differential diffusion coefficient is related to the scattering signal as:
where P I is the flat-field corrected intensity of scattered light, R air is the Rayleigh scattering cross-section of air, and W is a constant that depends on the initial jet mixture fraction and on the Rayleigh scattering cross-sections of the jet species. Specifically,
He . The parameter ξ can be interpreted as the excess (or absence) of propane compared to the expectation based on equal diffusivity with helium. In regions where ξ is positive the propane-helium ratio is greater than at the jet exit, and where ξ is negative it is less. In regions where the propane-helium ratio is unchanged, or in the ambient air, ξ is zero.
B. Experimental arrangement
A schematic of the experimental arrangement is shown in Fig. 1 . The propane-helium mixture issues from a round pipe (d = 4.6 mm) into a filtered air coflow (U inf = 0.5 m/s). Filtering with a high-efficiency Figure 1 . A schematic of the flowfield imaging facility used in this experiment. The light source is a dual cavity Nd:YAG laser, and images are acquired with a Roper Scientific CoolSNAP HQ binned to 464×346 pixels. The flow is a mixture of propane and helium that issues from a round pipe into a slow, filtered air coflow.
(HEPA) filter is necessary to remove dust and particles and prevent Mie scattering from interfering with the Rayleigh scattering signal. The jet gas flow rates are measured and regulated with two Sierra Instruments C-100 mass flow controllers. The light source is a dual cavity Nd:YAG laser (Spectra-Physics PIV-400), capable of approximately 350 mJ per pulse at 532 nm. Both laser cavities are fired during each exposure, making the intensity of incident light approximately 700 mJ per image. At the focal point, the laser sheet is approximately 25 mm high and 80 µm thick. The Rayleigh scattering signal is captured by a thermoelectrically cooled CCD camera (Roper Scientific CoolSNAP HQ), with 1392×1040 pixel resolution. In these experiments, the camera is binned to 464×346 pixels to increase signal levels and reduce noise.
Images are obtained at various locations between 7 and 25 diameters from the jet exit. In this region the jet does not always have fully developed statistics, but it is nonetheless an interesting region for this study because of the applications to similarly undeveloped combustion flows. The width of the imaging windows varies from 21.3mm (4.63 d) to 35.0 mm (7.61 d), and the resolution therefore varies from 46 µm/pix to 75 µm/pix. Using the relation from Dowling with a conservative C B of 2.5, the smallest scalar length scale λ B is estimated at Re = 3000 to be 115 µm [19] .
C. Flow system calibration
Similar to the experiences described by Dibble & Long, it was found that precise control of the initial jet mixture fraction is critical to the success of this experiment. Specifically, the interpretation of the Rayleigh scattering signal as proportional to the differential diffusion coefficient requires precise matching of the Rayleigh scattering cross-section of the jet to the cross-section of air. Because of impurities in the jet gases and the inaccuracies of commercial flowmeters, a flow that is mixed to the theoretical propane-helium ratio does not necessarily have the proper Rayleigh scattering cross-section. To correct for this, a series of calibration tests are run for each gas sample and at each flow rate used in the experiment. By imaging the fully mixed 'core' of a laminar jet and comparing it to the ambient air, the composition of the jet and its deviation from the required mixture fraction can be determined. To obtain a laminar core, the Reynolds number of the jet is reduced without changing the mass flow rate by replacing the standard 4.6 mm nozzle with a 10.0 mm nozzle, which results in near-nozzle laminar flow even at the highest flow rates. With flow rates determined in this way, the experimental error is described more accurately by the repeatability of the flow controllers (0.2%) rather than the accuracy (1.0%).
D. Data reduction
To calculate the differential diffusion coefficient from the Rayleigh scattering images, corrections need to be made to account for both the constant background light / camera offset and for spatial variations in laser sheet intensity. A common method to determine the magnitude of a non-zero camera offset, as well as any unwanted reflections that may reach the camera lens, is to block off the light source and record images of the black 'background' seen by the imaging system. We have found that this method may not accurately reproduce the background light that is seen during data collection because many of the reflections that are present when the laser travels through the entire imaging facility are lost. Instead, we developed a system where only a small part (5 mm) of the 25 mm high laser sheet is blocked off at any given time. By traversing this partial beam block through the laser, we can record the true background intensity in each imaging region. By assembling a series of these partially blocked images we can create an artificial background correction image that can then be subtracted from all differential diffusion data. From separate Rayleigh scattering experiments performed using the same facility, it was found that this method significantly improves data accuracy, particularly in regions where the incident laser intensity is not as high.
Since the intensity and distribution of laser light varies from pulse to pulse, an instantaneous measure of this is required. In each turbulent jet image, efforts are made to ensure that ambient air remains visible everywhere along at least one side of the jet. Because there are no jet gases in this region, we can assume that the Rayleigh scattering cross-section is constant, and that variations in intensity along the side of the image are due solely to variations in laser sheet intensity. From this profile, and additional geometric information on the spreading and trajectory of the laser sheet, we can create a flat-field correction image that accurately represents the instantaneous distribution of laser light for a given laser pulse. Dividing this from its corresponding jet image results in data where spatial variations depend only on the local Rayleigh scattering cross-section.
III. Sample results
Figures 2 and 3 show sample results for the ξ-field measurements. The jet flows upward in the imaging windows, in the positive x direction. Because the fluid is predominantly helium, buoyancy has a minor effect on the evolution of the mean velocity, resulting in a local Reynolds number that increases slightly with downstream distance. In Fig. 2 , the jet (Re = 1000) is initially laminar, and undergoes a transition to turbulence immediately below the bottom of the image. In a laminar differentially diffusing jet, there is a clear large-scale structure to the mixing field. The outermost ring exhibits an excess of the more diffusive fluid (negative ξ), while the center of the jet, near the nozzle, is undisturbed (ξ = 0). In between, there is a region of positive ξ, or an excess of the less diffusive fluid due to the rapid radial movement of the more diffusive fluid. When this flow becomes turbulent, these structures are broken apart and advected downstream and are responsible for many of the large differential diffusion structures seen in Fig. 2 .
The differential diffusion field from a higher Reynolds number jet (Re = 2500) is shown in Fig. 3 . Due to the increased jet width and resolution constraints, the image contains only the jet half-width from the centerline out. The origins of differential diffusion in this flow are entirely different from the differential diffusion seen in the low-Re jet. At this Reynolds number, the jet is turbulent at the nozzle and there is no opportunity for differential diffusion to occur in a laminar regime. Still, large differential diffusion structures can be seen across the entire flow. These structures are on average smaller than those seen in Fig. 2 , but they are significant because their formation has occurred in flow regions characterized by at least moderate turbulence.
IV. Results
A. Mean
The mean differential diffusion field for a Re = 1500 jet is shown in Fig. 4 This jet is laminar within 5 or 6 diameters of the exit, and then becomes turbulent over the next several diameters. In the first few profiles, the laminar differential diffusion structure described in the previous section is clearly visible. In the transition region there is still some structure to the ξ-field, but by 13 diameters downstream the mean differential diffusion profile, when examined at this scale, is close to zero everywhere. However, Fig. 5 shows these turbulent mean profiles magnified 25 times, and it is clear that the profile is not identically zero. We see a slight preference for propane on the outside of the jet, and a preference for helium at the center. Due to the extreme sensitivity of this experiment to the initial jet mole fraction, it is difficult to quantify the size of these structures with any degree of certainty. Qualitatively, their form is clear and they exist throughout the entire turbulent region with little change as far as 25 diameters downstream. The most likely explanation for this nonuniformity is jet swirl. We speculate that differential diffusion is the primary mechanism for the separation of the jet species, but once unmixed the heavier propane is brought to the outside of the flow by the rotation of the jet.
B. RMS fluctuations
Because the mean differential diffusion is so small, a more useful quantitative measure of its impact is either the variance or the RMS of the ξ-fluctuations. Here we will use the RMS, defined as
This quantity has been computed at various jet locations for three different Reynolds numbers, as shown in Figs. 6, 7 and 8. In each image or profile, the ambient noise fluctuations have been subtracted to give an estimate of the fluctuations due solely to differential diffusion. From these fields, and from the profiles in Fig. 9 , it is clear that the maximum variance of differential diffusion occurs on the outside of the jet. The profiles have a bimodal structure, where the centerline ξ rms is approximately 60% of the maximum value. Moving downstream, the magnitude of ξ rms decreases both in the maximum, off-axis regions and at the centerline. The centerline decay is slightly slower, possibly due to the higher concentration of jet fluid in this area. As expected, there is also a decrease in ξ rms associated with increasing Reynolds number. Due to a lack of data, we are not able to determine a functional relationship between ξ and Reynolds number. Kerstein et al. predicted that the variance of ξ will vary as Re 1/4 , a result derived by assuming that fluctuations in ξ will occur mainly at scales smaller than the smallest scalar length scale of the more diffusive species [11] . This assumption and its impact on the scaling of ξ will be investigated further below.
C. Statistics
The probability distribution of the differential diffusion variable ξ is calculated for different Reynolds numbers and at various regions throughout the jet. For Reynolds numbers of 1000, 2500 and 3000, statistics are computed at x/d = 13 (a) and x/d = 19 (b) from the nozzle. Radially, each PDF is located at δ = 0, 1 Figure 3 . Sample ξ-fields from a higher Reynolds number (Re = 2500) jet are shown. In these images, slightly more than the jet half-width is visible, a reduction necessary to maintain resolution while still capturing all necessary regions of the flow. At this Reynolds number the jet is turbulent all the way down to the nozzle, meaning that all visible differential diffusion structures arose despite the enhanced stirring of the turbulent flowfield.
or 2 where δ is the half-width of the jet, defined as the distance between the centerline and the position of maximum ξ .
For the low Reynolds number jet, there is a dramatic difference in the distribution of ξ among the six interrogation regions. In Fig. 10(a) , at x/d = 13, there are significant differences in the peak location of each PDF, due to the previously discussed existence of large-scale differential diffusion structures. At the centerline where δ = 0, the PDF is skewed to positive-ξ due to the rapid diffusion of helium from the jet. At δ = 1 the distribution peak is near zero, but the function extends approximately 30% farther in the positive-ξ direction than in the negative. At δ = 2, which in this case is still well within the jet, the distribution shows a strong preference for negative values of ξ. As expected, this is due to the increased radial transport of the faster diffusing helium. However, this distribution also has a tail in the positive-ξ direction, indicating the presence of occasional, concentrated propane-rich structures.
In Fig. 10(b) , statistics from the same jet at x/d = 19 are shown. The effects of the turbulent mixing between the two locations is clear, as each of the PDFs have become narrower and more consistent. Again, the peak of the function at δ = 0 is slightly to the positive of the function at δ = 1. Both peaks are near zero, and the skewness seen at x/d = 13 is less obvious. At δ = 2, there is a clear change in the shape of the PDF compared with the upstream distribution. This is due to the nonlinear expansion of the jet width through the turbulent transition, and here δ = 2 is often outside of the jet. The presence of ambient air, or heavily diluted jet fluid, in many of the samples accounts for the very narrow distribution located close to ξ = 0. The peak of this distribution is slightly to the negative, but the extent of the distribution in the positive-ξ is more than two times that in the negative-ξ direction. It was noted above that the mean ξ-field in this region has a positive value. This seems to be due to occasional propane-rich pockets of fluid that are advected to the outside of the jet, and bias the mean ξ field which otherwise sees mild, negative-ξ fluid more frequently.
In the higher Reynolds number jets, the statistics (Figs. 11 and 12 ) are quite different from the low Reynolds number statistics described previously. In these jets, at both axial locations, all PDFs are centered close to ξ = 0 and are much narrower than before. In each case, the widest distribution occurs at δ = 1 and the narrowest is at δ = 2, where again there is often little to no jet fluid. It is worth noting that the PDFs located on the centerline are skewed slightly to the negative, while those off the centerline are skewed to positive-ξ. The negative centerline skewness in particular is more pronounced than anything seen in this region at the lower Reynolds number. Because of the likelihood of increased swirl at higher flow rates, this advances the hypothesis that swirl is the mechanism responsible for the preference, in the mean ξ-field, of propane-rich fluid on the outside of the jet.
D. Autocorrelations
Spatial autocorrelations computed in several directions are useful for studying relevant length scales and isotropy in a flow. Particularly in an underdeveloped flow such as this one, it is useful to quantify the axial evolution of the jet and determine the length scales for which isotropy can be assumed. Figure 13 shows the spatial autocorrelation function in both the radial (r) and axial (x) directions computed at the centerline, at two different axial positions within the jet. Figure 13(a) shows the autocorrelation function at x/d = 13, and we can see good agreement between the r-and x-directions up to about 0.1 d. Divergence at this point, where the autocorrelation is still greater than 0.4, suggests anisotropy at relatively small scales. This is not unexpected in the developing region of a shear flow such as this one. From Fig. 13(b) , we see that moving downstream 4 diameters has a significant effect on small-scale isotropy, where here the spatial autocorrelations don't diverge until 0.2 d. At this downstream location, there is much less discrepancy in the autocorrelations even beyond the 0.2 d limit.
E. Spectra
The 1D spatial power spectral density, computed in the radial direction at x/d = 15, is shown in Fig. 14 . The data is first passed through a 3×3 median filter, which results in the observed oscillation at high frequencies. From the figure, it is clear that increasing Reynolds number results in a decrease in spectral energy, particularly at the large scales.
Although this is the first known spectra of ξ based on experimental data, there exist several examples of a ξ spectrum or a similar scalar difference spectrum based on numerical simulation of isotropic turbulence [11, 15, 17] . Contrary to most of those examples, the spectra shown here have no peak associated with intermediate length scales. Although it is possible that this is explained by the low Reynolds numbers or the spatial inhomogeneity of the jet, other explanations also exist. Yeung and Pope in a simulation of decaying isotropic turbulence obtained a power spectrum of similar shape to the one seen here, except for an initial transient period where the spectra had a maximum at intermediate wavenumbers [17] . Similar to this transient spectra, it was noted by Mydlarski that many numerical experiments that produce spectra with this shape are forced simulations [20] . Since differential diffusion originates at the smallest scales of the flow, a decaying simulation may better illustrate the energy cascade from small to large scales. Differential diffusion power spectra from experiments performed in grid turbulence and/or at higher Reynolds numbers would be of much interest.
As mentioned earlier, there is as yet no experimentally verified scaling for the variance of ξ with Reynolds number. The scaling derived by Kerstein et al. was based on an assumed shape for the power spectra of the scalar difference, and in particular the assumption that large-scale variance is negligible. The spectra from these experiments show that there is significant large-scale variance in ξ, and if this result holds for higher Reynolds numbers it may make the expected scaling different from the scaling predicted by Kerstein et al. Again, experimental verification of a relationship between ξ and Re, extending to much higher Reynolds numbers than seen here, would be useful.
F. Dissipation
To further investigate the spatial structure of differential diffusion, the differential diffusion scalar dissipation, ( ξ) 2 , is calculated. To simplify the structural analysis, the scalar dissipation fields are decomposed to identify the distinct dissipation layers that make up the field. Dissipation layers are defined as continuous strings of local maxima in the scalar dissipation field. They are determined by first finding the maximum scalar dissipation, above some threshhold, in the direction of the scalar gradient vector. Strings of continuous local maxima normal to the scalar gradient vector are then combined to delineate distinct dissipation layers. A minimum length threshhold, in this case 6 pixels, is then imposed to reduce false noise-generated layers and clean the fields. This process is depicted in Fig. 15 , where (a) is an example of a ξ-field, (b) is the corresponding scalar dissipation field, and (c) shows the distinct dissipation layers identified from the previous images.
The mean thickness of the dissipation layers has been calculated for each Reynolds number. From each identified layer, the thickness is determined as the width of a scalar dissipation structure, in the direction normal to the layer, such that the dissipation drops to 20% of its peak value at both ends. For Re = 1000, the thickness is 505 µm (0.110 d), at Re = 2500 the thickness is 462 µm (0.100 d), and for Re = 3000 it is 454 µm (0.099 d). As with dissipation thicknesses of scalar concentration, the general trend of decreasing thickness with increasing Reynolds number holds. Figure 16 (a) shows cross-sections of the density of the differential diffusion dissipation layers for three different Reynolds numbers. In the figure, the operator L is responsible for the layer identification procedure, and the overbar denotes averaging. This result is independent of the magnitude of the dissipation, except for the requirement that the dissipation needs to be large enough for a layer to be identified. The figure shows a decrease in the dissipation layer density as the Reynolds number is increased from 2500 to 3000. The suppression of differential diffusion due to the increased turbulence appears to offset an increase in density that may be expected because of the increase in the range of length scales at higher Reynolds number. In the low Reynolds number case, the profile of the layer density is much flatter through the middle of the jet since this flow is still in a transitional regime. Further downstream, the profile of this low-Re flow would be expected to take on a bimodal shape similar to the profiles at higher Reynolds number.
In Fig. 16(b) , we see a comparison of the profiles of the dissipation density and ξ rms . The figure shows that the regions with the highest concentration of scalar dissipation layers lie just inside the region of peak ξ rms .
V. Conclusions
This work describes the results of a successful planar Rayleigh scattering experiment to measure the differential diffusion variable ξ in a turbulent propane-helium jet. There are a number of technical difficulties in the experimental method, arising from both the laser diagnostic technique and from the data reduction. Rayleigh scattering from gas-phase flows, particularly when measuring the subtle changes in concentration resulting from differential diffusion, suffers from low signal levels and therefore poor signal-to-noise ratio. This fact necessitates the careful implementation of all background and flat-field corrections, and results in modifications to correction techniques that have been adequate in other experiments. Noise issues also Figure 8 . At Re = 3000 the ξ rms -field is similar in shape to the field in Fig. 7 , except that the magnitude of the fluctuations has diminished for a given downstream location. compel us to obtain an unusually large data set for statistical convergence.
The data reduction that results in extraction of ξ from a measured Rayleigh scattering signal imposes strict requirements on the experimental conditions. Specifically, an imbalance in the propane-helium ratio of the jet -where the ratio differs from one which is index-matched to air -results in severe errors in the calculation of ξ that do not scale linearly with the error in mixture fraction. To control for this, a calibration technique was developed that reduced the effective uncertainty of the mixture fraction by an order of magnitude. Comparison of calculations of the mean ξ-field from data using this calibration to data without it clearly show the effectiveness of the method.
Quantitative, 2D measurements of differential diffusion have been rare, and only basic analysis of experimental data is available in the literature. With a large data set and adequate resolution, we performed a thorough statistical and spatial analysis of the differential diffusion field. We found that the mean radial ξ-profile through a turbulent jet shows a preference for positive-ξ fluid on the outside, and negative-ξ fluid at the center. Local probability distributions suggest that this may be due to infrequent but relatively intense propane-rich structures that are preferentially advected to the outside of the jet. The fluctuations in the differential diffusion variable, described by ξ rms , have a bimodal radial profile and are shown to decrease with increasing Reynolds number. Due to the limited range of Reynolds numbers tested no functional relationship Figure 10 . Probability density functions (PDFs) of the scalar ξ are shown for different positions within the Re = 1000 jet. The radial dimension here is δ, defined as the distance between the jet centerline and the region of maximum variance in ξ. Figure 11 . The probability distribution for the Re = 2500 jet shows varying skewness in the functions depending on their radial position. This suggests that the positive-ξ seen in the mean on the outside of the jet is likely due to infrequent but intense propane-rich structures that have a strong tendency to appear on the outside of the jet rather than in the middle.
between ξ and Re was found.
The differential diffusion spectral density is calculated, and shows a substantial amount of spectral energy at large flow scales. This is contrasted with results from numerical experiments that show a peak in spectral energy at intermediate scales, and we speculate on reasons for the discrepancy. Current theory for the scaling of ξ relies on the assumption of negligible differential diffusion at large flow scales. This scaling of differential diffusion is of particular interest due to implications on the inclusion of differential diffusion effects in turbulent combustion simulations. More experimental data examining the differential diffusion spectra at higher Reynolds numbers, along with measurements of ξ , are proposed. Figure 15 . Examples of (a) a differential diffusion scalar (ξ) field, (b) the scalar dissipation, and (c) distinct scalar dissipation layers. This breakdown is useful in analysis of the structure of differential diffusion, including calculation of the mean thickness of the scalar dissipation structures. Figure 16 . Radial profiles of (a) the density of dissipation layers as a function of Reynolds number, and (b) dissipation layer density plotted with ξ rms . Layer density is found to decreases with increasing Reynolds number. We see that radially the peak in dissipation layer density is located just inside of the region of maximum scalar fluctuations.
